eradication concentration (MBEC) and CSE1034 (Sulbactomax) was compared with piperacilline+tazobactam, amoxyclave, ceftriaxone, ceftriaxone+sulbactam and cefoperazone+ sulbactam in planktonic and sessile cells of Acinetobacter baumannii, Enterobacter cloacae and Pseudomonas aeruginosa. MICs were determined by broth microdilution method with a final inoculum size of 10 6 cfu/ml of plaktonic cells. MBECs were measured using a calgary biofilm device method to establish a co-relation with biofilm breaking efficacy of different drugs. The MICs for CSE1034 ranged from 0.5 to 4.0 µg/ml and for other antibacterial drugs ranged from 2 to 32 µg/ml. The MBEC for CSE1034 ranged from 8 to 16 µg/ml and for other antibacterial agents, it ranged from 64 to 4096 µg/ml. The CSE1034 exhibited approximately 5 logs reduction in the number of bacteria present in biofilm when compared with other antibacterial agents. When total lipid and total polysaccharide contents were compared, CSE1034 showed 90 and 84% reduction, respectively. The enhanced efficacy of CSE1034 in the eradication of biofilm infection is due to presence of EDTA which helps in the destabilizing of the barriers responsible for the development of biofilm as well as antibiotic resistance. In conclusion, combining of ceftriaxone+sulbactam with EDTA can significantly reduces the MIC and MBEC values against selected organisms. Hence, CSE1034 could be one of the best choices to eradicate the biofilm caused by these organisms.
INTRODUCTION
Biofilms are made of cells and their secreted insoluble exo-polysaccharide or extracellular polymeric substances (EPSs). It may account for 50 to 90% of the total organic carbon of biofilms (Prakash et al., 2003) and can be considered as the primary matrix. The EPSs are the major factor influencing the microbial biofilm formation process (Langille et al., 2000; Liu et al., 2004) and consisted mainly of polysaccharides (homo and hetero polysaccharides), proteins, nucleic acids and lipids. EPSs are also associated with metal ions, divalent cations (Branda et al., 2005; prakash et al., 2003) . They provide the mechanical stability to biofilms, mediate their adhesion to surfaces, as a result cells aggregate on the solid surface (Branda et al., 2005; Langille et al., 2000; Mattos-Guaral et al., 2000; Miron et al., 2001; Monsan et al., 2001) . EPSs molecule strengthen the interactions between the microorganisms. The EPS is at least fivefold higher than extracellular proteins in biofilm (Liu et al., 2004) . Elimination of the exo-polysaccharides layer from the cells by tri-chloroacetic acid or lysozyme solutions decreased Bacillus spp. attachment to stainless steel (Parkar et al., 2001 ). Biofilms form a gel phase where microorganisms live inside (Sutherland, 2001 , Wingender et al., 1999 .
Different organisms produce differing amounts of EPSs and the amount of EPSs increase with age of the biofilm. EPSs also contribute to the antimicrobial resistance properties of biofilms by impeding the mass transport of antibiotics through the biofilm, probably by binding directly to these agents (Donlan, 2008; Hall-Stoodley and Stoodley, 2004) . A number of in vitro experiments have demonstrated that the bacteria in biofilm are considerably less susceptible to antibiotic than their planktonic counterparts (Anwar et al., 1992) . In a biofilm, cell densities are substantially higher than in planktonic culture (Prigent-Combaret et al., 1999) . The surface of many bacterial species is covered by polysaccharides. These can be in the form of capsules, glycoproteins or glycolipids. In Gram-negative bacteria, the lipopolysaccharide (LPS) also referred to as endotoxin, covers ca. 40% of the bacterial surface (Weintraub, 2003) . Bacterial biofilms are abundant in the environment and are involved in several human bacterial infections (Banin et al., 2006; Darouiche, 2004) . The centers for disease control and prevention estimate and latter suggest that more than 65% of infections are caused by bacteria growing in biofilms (Lewis, 2007; Randall and Garth, 2008) .
The treatment of infections caused by bacterial biofilms are futile with current remedies (Costerton et al., 1999) . Only known possible solution is mechanical removal of the biofilm from the attached surface, which is costly and traumatic to the patients. However, biofilm cultures are much more difficult to eradicate compared to their planktonic cultures (Brown and Gilbert, 1993 ). An alternative approach to controlling biofilm formation could be to inhibiting adherent process by inhibiting the production of EPS. The objective of the present work was to evaluate the in vitro effects of different broad spectrum antimicrobial agents on planktonic cultures of microbes and on pre-formed biofilms in co-relation with polysaccharide and cellular lipid on the sensitivity of bacteria to antibacterial agents and biofilm breaking capacity. For this comparative efficacy of broad spectrum cephalosporin, cephalosporin +beta lactamase inhibitor, penicillin + beta lactamase inhibitors and a novel combination of cephalosporin +beta lactamase inhibitor+ EDTA were studied on the biofilm of different microbes. We first determined the MIC and MBEC of all antimicrobial agents. We then determined the in vitro effects of antimicrobial agents on the pre-formed biofilms of studied microbes and their co-relation with polysaccharide and cellular lipid contents.
MATERIALS AND METHODS

Antimicrobial agents
Sulbactomax (ceftriaxone : sulbactam:2:1 with 10 mM EDTA) herein after referred as CSE1034, piperacilline+tazobactam (Zosyn) and amoxyclave (Augmentin) and ceftriaxone (Rocephin) used in the study were provided by Sponsor Venus Pharma GmbH, Germany and combination of ceftriaxone+sulbactam (Oframax forte) and cefoperazone+sulbactam (Ceftop), were procured from Indian market on behalf of sponsor for the study. All the antibiotics were reconstituted with the water for injection as stock solutions. Working solutions were prepared in MHB at a concentration of 0 to 8192 µg/ml and from these working solutions serial two fold dilutions were made in CAMHB in wells of 96-well plate.
Studied organisms
A total of three organisms name A. baumannii, E. cloacae and P. aeruginosa were used as model microorganisms obtained from Institute of Microbial technology, Chandigarh, India. Bacterial strains were maintained as glycerol stocks and stored at -80°C. Before use, bacterial suspensions were spread onto Mueller-Hinton solid medium (MHSM; Himedia) and incubated at 35°C for 24 h. For each strain, three to five colonies were transferred into 10 ml of cation adjusted Mueller-Hinton broth (CAMHB) and incubated under orbital agitation at 150 rpm for 4 h at 35°C (Rotary f lask shaker) to obtain a planktonic culture in exponential growth phase. This bacterial suspension was used as the inoculum at a concentration of 10 6 (cfu/ml). The CAMHB was also used in the reaction vessels to initiate biofilm formation. Bacterial counts were done on MHSM. Antibiotic susceptibility screening and recovery of viable biofilm organisms were carried out in MHSM.
Minimum inhibitory concentrations (MICs) determination
Susceptibility testing to each drug was performed on planktonic cultures using the two-fold dilution method according to Clinical and Laboratory Standards institutes guidelines, 2003. MICs were performed in 96-well micro plates and results were recorded after incubation at 37°C for 24 h.
Minimum biofilm eradication concentrations (MBECs) determination
MBECs were performed when pegs contained approximately 10 7 to 10 8 bacteria growing as a biofilm described earlier (Ceri et al., 1999) . After development of biofilm on pegs, non-adherent bacteria on the pegs were washed once by immersion in a microtitre plate containing 200 µl of sterile PBS (pH 7.0). In another microtitre plate, 200 µl of each antibiotic of 2-fold dilutions (from 8192 to 2 µg/ml) were prepared. All samples were run in triplicate and one lane served as a negative control.
The pegged lid with biofilm was then placed onto the microtitre plate containing antibiotics and incubated, for 24 h at 37°C. The lid with peg was then placed onto a micro plate containing 200 µl of fresh sterile broth medium. The remaining biofilm was removed from the pegs by ultrasonic disruption for 5 min. This plate was incubated for 24 h at 37°C and the presence of viable bacteria determined by plate counts or turbidity determined at 650 nm in a 96-well plate reader (Molecular Devices; Fisher Scientific, Nepean, Ontario). Growth of bacteria in a particular well indicates regrowth of planktonic bacteria from surviving biofilm. Therefore, the MBEC value represents the lowest dilution at which bacteria fail to regrow.
In vitro biofilms formation of all selected strains
In vitro biofilm model was developed using Calgary biofilm device (CBD) (MBEC Biofilm Technologies, Calgary, Alberta) according to described earlier with slight modifications (Ceri et al., 2009) . The device contains a lid with 96 pegs. The pegs are designed in a way so that the channels of the bottom component of the reaction vessel can be fit into the wells of a standard 96-well plate. The bottom of the vessel serves to channel the flow of medium across the pegs to create consistent shear force across all pegs, resulting in the formation of equivalent biofilms at each peg site. Biofilm of each isolate was developed by taking of 10 6 cfu/ml bacterial inoculum of bacterial strain. Biofilm formation was carried out at 37°C and 95% relative humidity on a rocking table such that fluid flowed along the channels of the CBD, generating the required shear force across all pegs. Biofilm formation was determined by viable counts on MHA plates.
Quantification of biofilms
At different time interval, pegs from the lid were removed, placed in micro centrifuge tubes containing 200 µl of MHB and sonicated for 5 min on sonicator. Viable counts were determined on MHSM plates.
Total polysaccharide estimation
Total polysaccharide content was analyzed by using phenolsulphuric acid method as: to a glass tube, 500 µl of above biofilm suspension and 500 µl glacial acetic acid (blank tube) were added. To each tube 500 µl of 5 % phenol (prepared in 0.1 N HCl) and 2.5 ml of concentrated H2SO4 were added and immediately vigorously mixed on a vortex mixer and left to cool to room temperature. The optical density at 490 nm was read in a glass cuvette against a reference tube. The reference curve is composed of dextran ranging from 2 to 14 µg.
Total lipid estimation
Total lipid was estimated in biofilm cells with slight modification (Izard and limberger, 2003) . Briefly, to a stoppered glass tube 100 µl of water (reference tube), 100 µl of the biofilm suspension was added. To each tube 1 ml of concentrated H2SO4 were added. The tubes were incubated in a boiling water bath 20 min and cooled for 5 min in a water bath at room temperature. 2 ml of phosphoric acidvanillin reagent were added to the tubes and incubated at 37°C for 15 min. To prepare phosphoric acid-vanillin reagent, 0.120 g of vanillin was added to 20 ml of water, and the volume adjusted to 100 ml with 85% phosphoric acid. The optical density at 490 nm was read in a glass cuvette against a reference tube with 100 µl water as sample. The reference curve is composed of triolein ranging from 10 to 100 µg.
Effect of antimicrobial drugs on preformed biofilms
Investigation of the effect of antimicrobial drugs on pre-formed biofilms was performed on the A. baumannii, E. cloacae and P. aeruginosa. Assessment of drug activity was performed by three independent methods: visual observation of growth; crystal violet staining and enumeration of bacteria before and after treatment of the biofilm with antibiotics. Biofilms were allowed to form as mentioned above. The lid with pegs was then removed, rinsed and placed in contact with various concentration of antimicrobial agents. The sealed plates were incubated at 37°C for 24 h a t 30 rpm in an orbital shaker. Micro plates were then observed for detection of any visible growth of bacteria detached from the biofilm through the cycle of biofilm formation. Staining was done to observe the persistence of the biofilm. Bacterial count was done after treatment of different drugs according to Clinical and Laboratory Standards institutes guidelines, 2003. Table 2) .
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RESULTS
MIC and MBEC
Effect of antimicrobial agents on total lipids and total polysaccharides of biofilms
The effect of various antimicrobial agents on total lipids and total polysaccharides of biofilms is depicted in Table  3 . The levels of total lipids and total polysaccharides was found to be decreased after treatment with antibacterial agents as compared to before treatment of biofilms for all tested organisms. However maximum decrease in total lipids and total polysaccharides was noted with CSE1034 compared to other antibacterial agents. The decrease in cellular lipid resulted in an increase of the susceptibility of bacteria to antibacterial agents.
DISCUSSION
Bacterial biofilm play an important role in the development and persistence of various chronic infectious diseases. Biofilms are composed primarily of microbial cells and EPSs. It is commonly accepted that biofilms are more resistant to antibiotics than are planktonic cells (Costerton et al., 1999; Donlan, 2000; Costerton and Stewart, 2001; Qian et al., 1999) . The mechanism for enhanced antimicrobial resistance is believed to involve alterations in gene expression leading to a phenotype difference between the planktonic and sessile forms. The sessile forms are more resistant as they produce exo-polysaccharide, have different growth All results are presented in µg/ml. The biofilm concentrationused for the estimation were between 4.5 x10 7 to 6.5x10 7 cfu/ml. Total lipid includes neutral lipid, glycolipid and phospholipid.
characteristics and take up nutrients and drugs differently from their planktonic counterpart (Mah and O'Toole, 2001; Pratt and and Kolter, 1999) . The MIC is used as a standard for determination of antimicrobial sensitivities for animal and human pathogenic bacteria (Costerton et al., 1995; Prescott and Baggott, 1985) . In the present study, among the all tested antibacterial agents, CSE1034 requires sixteen times higher concentration of their MIC to show antimicrobial activity against bacterial biofilm compared to other antibacterial drugs, indicating CSE1034 at a concentration of 16 MIC significantly enhanced the reduction of all bacterial biofilms from 4 to 5 logs in different microbes studied. The observation indicates that out of different broad spectrum antimicrobial agents studied only CSE1034 is effective against the biofilms of A. baumannii, E. cloacae and P. aeruginosa. The low MBEC of CSE1034 may be due to the presence of EDTA in the CSE1034. We hypothesize that EDTA removes divalent ions (e.g., Mg 2+ and Ca 2+ ) by chelating to cations of EPS and outer membrane of biofilms and enhancing the porocity and making the bacteria more susceptible to antibiotic.
A significant percentage reduction of total polysaccharides up to 84% of in vitro biofilms of microorganisms was achieved by treatment with CSE1034 parallel to the previous observation (Kadurugamuwa et al., 1985) reported that cephalosporins reduced the production of capsular polysaccharides. It has also been demonstrated that chelating agents may affect polysaccharide production either by modulating enzyme activity or by affecting the functional integrity (that is, nutrient uptake or translocation) of the outer membrane (Domenico et al., 1989) . EDTA also causes loss of lipid, lipo protein, fatty acids and polysaccharide from the cell wall and plasma membrane (Lieve, 1965) . This happens probably due to PL enzyme activity supported by presence of EDTA. Two general catalytic mechanisms have been observed by Garron and Cygler (2010) among (Polysaccharide lyases) PLs: (1) metal-assisted neutralization of the acidic group of the sugar next to the cleaved bond, with, rather unusually, arginine or lysine playing the role of Brønsted base and (2) neutralization of the acidic group on the sugar by a close approach of an amino or acidic group forcing its protonation and Tyr or Tyr-His acting as the Brønsted base and acid. It has been demonstrated that bismuth compounds inhibited capsular polysaccharide expression in Gram-negative bacteria (Domenico et al., 1991) . Total polysaccharide production was significantly reduced in biofilm exposed to bismuth dimercaprol compared with untreated control (Huang and stewart, 1999) .
We have observed that treatment of bacterial biofilm with CSE1034 resulted in reduction in lipid content up to 90%. The reduction in lipid may have enhanced the susceptibility of microorganisms to antibiotics resulting in enhanced bactericidal activity. It has also been reported that depletion in bacterial cell lipid led to increase in sensitivity of microorganisms to antibiotics (Hugo and Stretton, 1966) . Several reports have suggested that there may be a relation between antibiotic resistance and the lipid content of the bacterial cell (Benbough and Orrison, 1967; Huang and stewart, 1999) . Differences in total lipid or fatty acids have been associated with an increased antibiotic resistance in various bacteria and it has been suggested that the lipid may be of importance in preventing the entrance or binding of the antibiotic to the cell (Norrington and James, 1970; Vaczi and Farkas, 1961; Bishop and Bermingham, 1973) . It has also been suggested that the differences in total lipid or fatty acid composition, or both, have been associated with an increased antibiotic resistance in various bacteria, and it has been suggested that the lipid composition may be of importance in preventing the entrance or binding of the antibiotic to the cell (Bishop and Bermingham, 1973) .
From the above results, it is concluded that CSE1034 (Ceftriaxone + Sulbactam+ EDTA), is the only product which has the efficacy to eradicate the biofilm infection very efficiently as compared to other antibacterial agents. Use of EDTA along with antibiotics has been reported in CSE1034. EDTA inhibits DNA relaxases enzyme which plays a major role in the spreading of antibiotic resistance among bacterial species. The enhanced efficacy of CSE1034 in the eradication of biofilm infection is due to presence of EDTA which helps in the destabilizing of the barriers responsible for the development of biofilm as well as antibiotic resistance. Presence of EDTA significantly reduces polysaccharide content and lipid content in broken biofims thereby indicating that there is strong corelation of biofilm induced bacterial resistance and EPS secretion due to which all other broad spectrum antibacterials failed to respond.
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